A series of mutations are described which map in the araB gene of the L-arabinose operon and exert a polar effect on gene araA, the structural gene for the L-arabinose isomerase. Ten of the 20 araB point mutants examined exhibited absolute polarity and may represent insertions of genetic material into the araB gene. The remaining 10 point mutants exhibit strong polarity (less than 10% of the normal wild-type inducible level of isomerase) and may represent a class of externally suppressible polar mutations other than amber or ochre. Seven of the 12 araB deletion mutants examined, or 58 %, exhibit polarity, suggesting that a shift in the reading frame has been generated in the polycistronic message for the L-arabinose operon. The remaining, presumably in-phase, deletion mutants exhibit hyperinducible levels of isomerase, an effect that is eliminated when an araB+ gene is introduced in the trans position. The hyperinducibility effect is discussed in terms of a model for self-catabolite repression, originally proposed by Katz and Englesberg.
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The level of expression of one or more genes in an operon can be reduced by at least two different cis dominant mechanisms.
(i) Nonsense codons and frame-shift mutations that result in the formation of nonsense codons in the altered phase of reading cause premature chain termination of the growing peptide chain (16, 20) . In this case, it has been assumed that premature termination of translation within a cistron, either directly or indirectly, reduces the rate of translation of cistrons on the operatordistal side of the nonsense codon (17, 24) .
(ii) Mutations which appear to reduce the rate of initiation of transcription or translation of an entire operon have been described in the lactose system (promoter mutants; 2, 10, 18) and the L-arabinose system (initiator mutants; 22) . In the lactose operon, a system under negative control, the promoter region is presumed to be directly responsible for programming the maximal rate of initiation of transcription. The initiator region of the L-arabinose operon, on the other hand, is believed to be responsible for the attachment of an activator (see Fig. 1 ) which in tuM controls operon induction. Mutations which presumably delete a promoter region, and thus completely block operon expression, have also been described in the histidine operon (1, 19) .
In this paper, we describe the isolation and partial characterization of some unusual strong polar mutants, some of which may represent point mutations in the initiator region of the Larabinose operon. In addition, the polar and hyperinducible effects of certain deletion mutations in the araB gene are described and discussed in relation to a model for self-catabolite repression of the L-arabinose operon recently proposed by Katz and Englesberg (manuscript in preparation).
MATERIALS AND METHODS
Media. L broth medium contained 1% tryptone (Difco), 0.5% yeast extract, 0.5% NaCI, and 0.1% glucose. Tryptone broth medium contained 1% tryptone and 0.5% NaCl. Tryptone agar medium was the same as tryptone broth medium except that (4, 6, 9, 14, 15) . In the absence of inducer (L-arabinose), the araC gene is believed to produce a repressor that binds to an operator region (0) and prevents expressioni of the operon. Addition of ilnducer is believed to result in the removal of the repressor from the operator and the conversion of repressor into an activator. Activator then interacts with an initiator region (I) to facilitate operon induction (7, 22) .
Bacteria and phage. Table 1 lists some of the bacteria strains used in this study. All of the L-arabinose polar point mutants were isolated in strain SB5003 (thr-1 araD139). The araD139 mutation was removed from each mutant by conjugation with strain SB3002 (HfrBI leuBI his-iS). Threonine-positive, leucinepositive, histidine-positive recombinants were then progeny-tested to identify recombinants which contained only the L-arabinose polar point mutations. Enzyme assays and chemical reversion studies were performed on these strains. With the use of Pt transducing phage, each L-arabinose polar point mutation was transferred by cotransduction with thr-1+ into strain UP1004 (thr-l leuBI). Threonine-positive transductants were then progeny-tested to identify leuBI recombinants containing the L-arabinose polar point mutation. These strains were used in screening for extragenic suppressors. Five of the Larabinose deletion mutations (araCB7J0, araCB711, araB713, araB716, and araB717) were isolated in strain SB3001 (Hfr BI araD139 his-15). All other L-arabinose deletion mutations were isolated in strain SB5003 (thr-l araD139). Each of the araB deletion mutations was transferred into strain UP1004 (thr-1 leuBI) by cotransduction with thr-l+ as described above, before merodiploids were constructed as previously described (22) . F' ara homogenotes were prepared from L-arabinose deletion and point mutants for use in mapping experiments as previously described (22) . The following T7 bacterio- a In addition, a number of F' ara-homogenotes containing point mutations (22) were used in recombination analysis. The relative map positions of these mutations were previously determined (6, 9) and are summarized in Fig. 3 . Isolation of polar point mutants and araB deletion mutants. Strains containing the araD139 (epimerasedeficient) mutation are sensitive to growth inhibition by L-arabinose, presumably due to the accumulation of L-ribulose-5-phosphate or some compound derived from it. L-Arabinose-resistant mutants can easily be derived from such a strain and have been shown to contain a second mutation in another gene(s) of the L-arabinose operon such that the synthesis of Lribulose-5-phosphate is blocked (4) .
A series of L-arabinose-resistant mutants were isolated from strains SB5003 (thr-J araD139) and SB 3001 (HfrBI araDB39 his-15) . From this group, 20 polar mutants were identified by spotting the mutant onto separate mineral-L-arabinose plates previously spread with SB 3101 (F ara A2/araA2), SB 3107 (F araB24/araB24), or SB 3114 (F araC3/ araC3). Mutants that gave a positive complementation response (confluent growth response) with SB 3114 (F araC3/araC3), but gave only a recombinant response (isolated colonies) with SB 3107 (F araB24/ araB24) and SB 3101 (F araA2/araA2), were tentatively designated polar mutants. After the araD139 marker was removed by conjugation (see above), each polar mutant was spotted against SB3118 (F araD139/araD139). In each case, the polar mutant failed to give a complementation response, indicating that the polar effect extended to the araD gene. Control experiments indicated that SB 3101 (F araA2/araA2) failed to give a complementation response with any mutant that made less than 15% of the wild-type inducible level of isomerase (araA gene product).
For identification of araB deletion mutants, each mutant was spotted onto mineral-L-arabinose plates previously spread with a series of F' araB homogenotes. Any mutant that failed to give rise to L-arabinose-utilizing recombinants with more than one F' ARA A homogenote was tested further to determine the extent of the presumed deletion.
Mapping of polar point mutations and araB deletion mutations. Crosses between the polar, L-arabinose point mutants and F' ara-homogenotes containing a series of overlapping deletion mutations permitted the construction of the deletion map shown in Fig. 2 . Crosses between the araB deletion mutants and a series of F' ara-homogenotes, containing point mutations whose order had been previously determined (6, 9) , permitted the construction of the deletion map shown in Fig. 3 .
Preparation of cell extracts and enzyme assays. Cell-free extracts were prepared as previously described (22) . Isomerase and protein assays were performed as previously described (22) except that all isomerase assays were performed at 30 C.
Merodiploid genotype analysis. The genotypes of all exo-and endogenotes were determined as previously described (22) .
Test for extragenic suppression. Revertants of the L-arabinose polar point mutants (each of which contained the leuBI mutation) were used as recipients in transduction tests with P1 phage prepared on the leucine-independent form of the L-arabinose polar point mutant. Since the L-arabinose and L-leucine operons are cotransduced with about 50% efficiency (9), one-half of the leucine-independent transductants should be L-arabinose-nonutilizing if the reversion is due to a backmutation at the site of the original mutation or to an intragenic suppressor mutation. Test for nonsense suppression. Tryptone agar plates were overlaid with tryptone soft agar containing an 0.1-ml amount of an overnight tryptone broth culture. After the agar had hardened, one drop (approximately 105 particles/ml) of each T7 amber mutant was spotted onto the plate. After incubation at 37 C for 6 to 12 hr, the plates were scored for lysis in the area of the spot. Lysis by a T7 amber mutant was taken as evidence for a nonsense suppressor in the bacterial strain (8) .
Mutagens. 2-Aminopurine was obtained from Calbiochem, Los Angeles, Calif.; N-methyl-N'-nitro-N-nitrosoguanidine, from K and K Laboratories, Jamaica, N.Y.; and diethyl sulfate, from Fisher Scientific Co., Pittsburgh, Pa. ICR-191 (3-chloro-7 -methoxy -9-(3 -[chloroethyl] -aminopropylamino) acridine dihydrochloride) was a generous gift of Hugh J. Creech.
RESULTS
Polarity of point mutations in the araB gene. From over 200 spontaneously occurring Larabinose-resistant strains, 20 point mutants were obtained, each of which was phenotypically defective (as determined by F'-mediated complementation analysis) in araD, A, and B functions, but not in araC function. These mutants were characterized with regard to the following properties.
Mapping studies. By deletion mapping with F' ara-homogenotes, 12 of the mutations (ara-907, -905, -912, -908, -909, -917, -918, -920, -902, -903, and -904) could unambiguously be placed in the araB gene (Fig. 2) . Two of the mutations (ara-922 and -921) map either at the araA-proximal end of the araB gene or at the beginning of the araA gene. The remaining six mutations (ara-914, -916, -913, -911, -910, and -901) may be araB mutants mapping very close to the initiator region or may actually be in the initiator region itself.
Enzyme analysis. As a quantitative measure of polarity, induced isomerase specific activity levels (araA gene product) were determined in induced extracts of each of the 20 mutants. On the basis of the results summarized in Table 2 Test for nonsense suppression. An attempt was made to determine indirectly whether these polar mutants were due to amber or ochre nonsense codons. Over 200 independent L-arabinoseutilizing revertants derived from the 20 different polar mutants were tested for their ability to support the growth of 10 different T7 amber mutants. If an amber or ochre suppressor mutation had occurred as a result of a reversion of a polar mutant, this suppressor might also permit the growth of one or more of the T7 nonsense mutants. In such a test, a positive result indicates that the polar mutation in question is either an amber or ochre nonsense codon. A negative result is inconclusive (8) . Although this test was complicated by the fact that the parental strain from which all of the polar mutants were derived contained either an amber or ochre suppressor specific for the bacteriophage T7 amber mutant sus22, no additional nonsense suppressor mutations were detected in any of the revertants. Thus, (6, 9; Fig. 3 ). None of the deletions considered here extended into the initiator-operator region or into the araA gene, since all of these deletions recombine with point mutations known to map at each end of the araB gene (6) .
Enzyme analysis. On the basis of isomerase levels in extracts of induced cultures, the deletion mutants can be divided into two distinct classes.
Seven of the 12 deletion mutants (or 58%) exhibit reduced isomerase levels as compared with the wild type. Considering the rather small sample, this represents good agreement with the expected value of 66%, if two-thirds of all deletion mutations generate reading frame shifts. Polarity values range from about 10% of wild type for mutant araB807 to about 50% of wild type for mutant araB806. With the possible exception of araB807, there seems to be no correlation between the map position of the deletion mutation and the degree of polarity. The remaining five deletion mutations presumably delete a multiple of three nucleotide base pairs and do not generate polar effects. Surprisingly, these mutants exhibit hyperinducible levels of isomerase 2.7 to 3.7 above that of a wild type. A similar observation has been made for point mutations in the araB gene (6, 14, 15) .
Cis dominance of the araB deletion mutations. Stable, phenotypically wild-type merodiploids of the type F D+ A-B+ C+/J-A+ B del C+ were assayed for induced isomerase levels (Table 4) . In such merodiploids, the polar effect of the araB deletion mutations was found to be cis dominant. In fact, the polar effect was even more severe in these merodiploids than in the haploid. On the other hand, those deletions which exhibited a hyperinducible effect on the araA gene were found to be recessive in the merodiploid. That is, in phenotypically wild-type merodiploids, expression of the araA gene cis to the araB deletion mutation is reduced to the wild-type level, or in some cases to somewhat below the wild-type level. Thus, as expected, a frame-shift deletion mutation exerts a cis dominant polar effect, irrespective of the phenotype of the cell. On the other hand, the hyperinducible effect of a presumable in-phase deletion mutation appears to be dependent upon the inability of the cell to utilize L-arabinose (Katz and Englesberg, Bacteriol. Proc., p. 50, 1968). DISCUSSION Polar point mutations in the araB gene. The fact that none of the class 2 mutants is absolutely polar and all of them are reverted by at least one transition or transversion mutagen suggests that they may represent a type of nonsense mutation (23) . Weak reversion of all class 2 mutants by ICR 191 is consistent with the recent observation that ICR 191 weakly reverts nonsense and missense mutants by transitions and transversions, in addition to its strong reversion of frame-shift mutants (3) . It is unlikely that class 2 mutants are amber mutants because the parent strain from which all of the araB mutants were derived contained an amber or ochre suppressor capable 
